









































amples by Ogunmefun, O. T. et al.
        
www.tropicalplantresearch.com  376 
Received: 23 May 2017  Published online: 30 September 2017 
https://doi.org/10.22271/tpr.2017.v4.i3.049 
ISSN (E): 2349 – 1183 
ISSN (P): 2349 – 9265 
4(3): 376–382, 2017 
DOI: 10.22271/tpr.2017.v4.i3.049 
Research article   
Phytochemical screening and antibacterial activities of  
Tectona grandis L. f. (Teak) leaves on microorganisms isolated  
from decayed food samples 
O. T. Ogunmefun*, E. A. Ekundayo, F. C. Akharaiyi and D. Ewhenodere 
Department of Biological Sciences, Afe Babalola University, Ado-Ekiti, Nigeria 
*Corresponding Author: yinkatayo_08@yahoo.com                 [Accepted: 19 September 2017] 
Abstract: Bacteria were isolated from decayed food samples (tomatoes, cooked beans and rice) 
collected from Afe Babalola University, Ado Ekiti (ABUAD) cafeteria and characterized. Some of 
these isolated microorganisms could pose serious harm to humans including animals and they are 
normally treated with commercial antibiotics. However, the majority of bacteria are resistant to 
many antibiotics therefore, the use of plant extracts with therapeutic potential against resistant 
bacteria is necessary. In this investigation, eight bacteria were isolated from decayed food samples. 
The bacterial isolates were identified as Bacillus cereus and B. siamensis from rice sample; 
Klebsiella oxytoxa, Salimicrobium halophilium and Norcardia brasiliensis from beans sample; 
Bacillus subtilis, Enterobacter taylore, and Brevibacillus agri from tomatoes. The leaf samples of 
Tectona grandis were screened qualitatively and quantitatively for the phytochemicals while the 
crude methanol and chloroform extracts were used as antimicrobial agents against the isolated 
microorganisms. Alkaloids, carotenoids and tannins were present in large amount. The bacterial 
isolates were more susceptible to commercial antibiotics than that of methanol extracts of T. 
grandis. The methanol extracts of T. grandis have a higher antimicrobial activity than the 
chloroform extracts. 
Keywords: Chloroform extracts - Food samples - Methanol extracts - Microorganisms - Tectona 
grandis. 
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Food decay is any undesirable change in food that makes the food to lose its aesthetic value and becomes 
unacceptable to humans for consumption. Food is also said to be decayed when the original nutritional value, 
texture and flavor are altered through microbial activities. Various factors could be responsible for the 
deterioration of various foods (Istifanus et al. 2014). Consumption of this decayed or contaminated food results 
in food borne disease such as diarrhoea, gastroenteritis, respiratory infections and meningitis, if ingested (Mead 
et al. 1999, Humphrey et al. 2007, Barth et al. 2009). Also, toxins from these microorganisms can be found in 
contaminated food products and are pathogenic leading to disease (Edwin et al. 2013). Although, bacteria are 
the main and important source of food spoilage, but other microbes such as fungi, viruses and protozoa have 
also been implicated (Kumar et al. 2011). The most common pathogens causing serious infection in food 
include Staphylococcus aureus, Pseudomonas sp., Streptococcus sp., Proteus sp., Clostridium sp. and 
Coliforms (Lawrence et al. 1999). High pH (4.9‒6.5), water and nutrient contents enhance microbial growth 
such as bacteria and fungi, which degrade the nutrients through enzymes production (Trias et al. 2008, Matthew 
2011, Ogunbanwo et al. 2014). These also heighten spoilage susceptibility thereby reducing the nutritional and 
market values (Bello et al. 2016). Most of the pathogenic microorganisms causing diseases have developed 
resistance to modern antibiotics (Sharma et al. 2012). Bacteria generally have the genetic ability to transmit 
diseases and acquire resistance to drugs used as therapeutic agents (Cohen et al. 1992). Therefore, there is 
needed to look for new antimicrobials of plant origin. 
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Medicinal plants are gaining popularity in usage due to a large number of people in search of health 
remedies with little or no side effect which is the problem of most chemically synthesized drugs (Prance 1991, 
Bajpai et al. 2016). Considerable attention is presently given to the use of eco-friendly and bio-friendly products 
from plant origin for the prevention and cure of human and animal health challenges (diseases) (Gijtenbeek et 
al. 1999, Johnson & William 2002). Plants based antimicrobials represent a vast untapped source of medicines 
and further exploration of plant antimicrobials needs to occur. Antimicrobials of plant origin have enormous 
therapeutic potentials (Evans & Turnbull 2004). The majority of bacteria are resistant to many antibiotics 
therefore, the use of plant extracts against resistant bacteria leads to new choice for the treatment of infectious 
diseases (Purushotham et al. 2010).  
Tectona grandis L. f. (Teak) is a tropical tree species distributed naturally in countries including India, 
Myanmar, Thailand, Myanmar, Nigeria and other tropical countries including Indonesia (Mahesh et al. 2016). 
Teak is one of the world's premier hardwood tree species, highly famous for its quality, profile and durability of 
timber (Sumthong et al. 2008). The generic name of T. grandis comes from „Tekka‟, which is the Malabar name 
while the specific name, „grandis‟ is a Latin word for „large‟ or „great‟. Tectona grandis is a large, deciduous 
tree reaching over 30 m in height in favourable conditions (Orwa et al. 2009). “Fruit is a drupe with 4 chambers; 
round, hard and woody, enclosed in an inflated, bladder-like covering; pale green at first, then brown at 
maturity” (Orwa et al. 2009). It occurs naturally in various types of tropical deciduous forests. In seasonal 
climates, T. grandis is deciduous while trees grown in non-seasonal climates are semi-deciduous. It is often a 
dominant member of a mixed deciduous forest, where its main associates are Xylia spp., Afzelia xylocarpa 
(Kurz) Craib, Terminalia spp. and Lagerstroemia spp. Tectona grandis generally occurs scattered but can form 
almost pure stands under favourable conditions. Young plants show a remarkable capability to recover after fire 
(Orwa et al. 2009). 
Diverse anti-microbial and substances that can serve as insect control agents can be produced by higher 
tropical plants (Nakamura et al. 1991, Downum et al. 1993, Lis-Balchin et al. 1996). Substances such as 
flavonoids, alkaloids, terpenoids are the secondary metabolites produced by the plants as a chemical defense 
against pests and diseases attacks. It is estimated only 10% of these tropical plants have been investigated for 
their pesticidal activity. Teak is one of these plants which produce secondary metabolic products containing 
phenolic compounds. Astiti et al. (1998) found that the water extract of teak leaf obviously inhibited the growth 
of Monilia species, the causative agent of wood decay. The sporulation of Alternaria cajani and 
Helminthosporium sp. was inhibited by the T. grandis leaf methanol crude extract at concentration of 5 mg.ml
-1
 
(Shalini & Srivastava 2008). The frontal leaves of the plant are widely used in folklore for the treatment of 
various kinds of wounds, especially burn wounds. They are also useful to treat haemostatic, depurative, anti- 
inflammatory and vulnerary and also useful in inflammation, leprosy, skin disease, pruritus, stomatitis, indolent 
ulcer, haemorrhages and haemopstysis (Purushotham et al. 2010). The presence of high amounts of tannins in 
the T. grandis leaves may be responsible for the pro-healing action of the extract and its antioxidant property is 
attributed to it (Mrityunjoy et al. 2007). All these studies clearly showed the antibacterial potential of T. grandis, 
thus the present study was designed to find out the effect of its leaves on the microorganisms isolated from 
decayed food samples. 
MATERIALS AND METHODS 
Collection of food samples 
Food samples (fresh tomatoes, cooked beans, cooked rice and fresh pepper) were collected from Afe 
Babalola University, Ado-Ekiti (ABUAD) cafeteria/kitchen environment. These samples were allowed to decay 
in ABUAD Microbiology Department laboratory.  
Collection of plant sample  
The leaves of Tectona grandis L. f. were obtained from ABUAD surroundings and were identified by Dr. 
(Mrs.) O. T. Ogunmefun, a botanist in the Department of Biological Sciences of Afe Babalola University Ado - 
Ekiti, Ekiti State, Nigeria.  
Preparation of extracts 
The collected plant materials were air dried at room temperature, ground with blender after which dry mass 
of 887.2 g of the leaf sample was obtained (Purushotham & Sankar 2013). A 350 g each of powdered leaf 
sample was soaked in 700 ml of chloroform and methanol separately using cold extraction method for 72 hours. 
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The extracts were separated from the solvents using a rotary evaporator. The extracts were concentrated on 
water bath at a low temperature of 40°C (Ajaiyeoba et al. 2001, Ogbole et al. 2013). 
Phytochemical screening of Tectona grandis 
The powdered leaves of T. grandis were subjected to both qualitative and quantitative phytochemical tests 
for plant secondary metabolites namely alkaloids, anthraquinones, tannins, saponins, cardiac glycosides, 
flavonoids, carotenoids and phenols according to the method described by Harborne (1998) and Trease & Evans 
(2004). 
Isolation, characterization and identification of microbial species from the decayed food samples 
Five-fold serial dilution was carried out on the food samples. An aliquot (1 ml) of the fifth dilution was pour 
plated on nutrient agar and then incubated at 37°C for 24 hours. Colonies of bacterial isolates were selected 
from each plate respectively and purified by sub-culturing on nutrient agar plates. Bacterial isolates were 
preserved in slants at 4°C for temporary storage and were then identified both morphologically and 
biochemically (Prescott et al. 2002). 
Determination of the antibacterial activities of Tectona grandis using agar well diffusion technique 
A sterile swab stick was placed into the broth bacterial culture corresponding to MacFarland standard of a 
specific organism and then spread on already prepared sterile nutrient agar plate. This was repeated for all the 
isolates in duplicates. The plates were allowed to dry for approximately 5 minutes. The wells were then filled 

















 with T. grandis extract reconstituted with 10% Dimethyl sulphoxide (DMSO) and sterilized by 
0.45 µm membrane filter. The plates were incubated 37°C for 24 hours. The diameters of the inhibitory zones 
were measured in millimeters. The DMSO was used as a negative control while streptomycin was used as the 
positive control. 
RESULTS   
In this study, seven bacterial species were obtained from all the decayed food samples based on their 
morphological and biochemical characteristics. Five of the isolates were Gram positive while the remaining two 
isolates were Gram negative. The isolates were identified as Bacillus cereus, B. subtilis, B. siamensis, 
Brevibacillus agri, Salimicrobium halophilum, Klebsiella oxytoxa, Norcadia brasiliensis and Enterobacter 
taylore. The frequency of occurrence of the isolate is presented in table 1. 
Table 1. Frequency of occurrence of bacterial isolates from decayed food samples. 
Bacterial isolates 
Food samples 
Beans  Rice Tomatoes 
Bacillus cereus - + - 
Bacillus siamensis - + + 
Bacillus subtilis - - + 
Klebsiella oxytoxa + - + 
Salimicrobium halophilum + - - 
Enterobacter taylore - - + 
Norcadia brasiliensis + - - 
Brevibacillus agri - - + 
Note: +, Present; -, Absent. 
Saponins, alkaloids, tannins among others were present while cardiac glycoside was not observed in the 
qualitative screening. However, the quantitative analysis showed that 20 mg per 100 g of cardiac glycoside was 
present. Alkaloids were most abundant followed by tannins and carotenoids respectively. The detail results of 
the qualitative and quantitative phytochemicals of T. grandis are presented in tables 2 and 3. 
The leaf extracts obtained with chloroform and methanol were used as antibacterial agents against the 
bacterial isolates. The results showed that the extracts exhibited weak antibacterial activities on the isolates 
(Table 4). The antibacterial activities of streptomycin used as positive control ranged from 11.00–30.00 mm 
respectively and were without a doubt effective against food pathogens than the extract. All the bacterial isolates 
were resistant to DMSO used as negative control (Fig. 1).  At concentrations of 50, 100, 150 and 200 mg.ml
-1
, 
the extracts were not effective but at concentrations of 250, 300, 350 and 400 mg.ml
-1
 there were clear zones of 
inhibition (Table 4). 
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Table 2. Qualitative phytochemical analysis of Tectona  grandis leaves. 
Parameter Observation 
Alkaloids  +++ 
Flavonoids ++ 
Tannins +++ 
Saponins  ++ 
Cardiac Glycosides - 
Total Phenolics ++ 
Anthraquinones + 
Carotenoids ++ 
Note: +++, Most abundant; ++, Abundant; +, Present; -, Absent. 
 
Table 3. Quantitative phytochemical analysis of Tectona  grandis leaves. 
Phytochemical constituents  Amount of Phytochemical constituents 
Alkaloids (mg per 100 g) 1778.30 
Flavonoids (mg per 100 g) 666.60 
Tannins (mg per 100 g) 1583.00 
Saponins (mg per 100 g) 406.60 
Cardiac Glycosides (mg per 100 g) 20.00 
Total Phenolics (GAE per g) 69.50 
Carotenoids (μg per 100 g)            1268.33 
 
 
Figure 1. Comparative antibacterial activities of methanol extract of Tectona grandis and Streptomycin at 37oC on nutrient 
agar after 24 hours of incubation. [R, Rice; B, Beans; T, Tomatoes] 
DISCUSSIONS 
Different spoilage bacteria including fungi grow well at room temperature. A large number of 
microorganisms and their waste products cause the objectionable changes in odor, taste and texture in food 
samples (Kumar et al. 2011).  The presence of these bacterial isolates may not be unconnected with the high 
moisture contents of the food substances which aided the spoilage as opined by Akharaiyi & Adeyanju (2016). 
Bacillus cereus has been associated with the production of toxins, diarrheal and emetic in food, which causes 
food poisoning. It is found in dust, soil and raw food and can survive under normal cooking conditions as 
produces heat resistant spore (Rajkowski & Bennett 2003). Bello et al. (2016) observed the prominence of B. 
subtilis in spoilage of tomato fruits. Ghosh (2009) also suggested that the prevalence of microbial contamination 
could be aggravated by poor sanitation including cross-contamination. Biological contaminant of bacterial 
origin represents a major cause of foodborne illnesses (Edema et al. 2005). The presence of Bacillus subtilis has 
been correlated with food poisoning. Klebsiella spp. and Enterobacter spp. call for concern as these organisms 
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are frequently associated with poor sanitary practices and could indicate the danger of possible food borne 
infection (Oranusi et al. 2007, Eni et al. 2010). Klebsiella spp. has been isolated in food such as fruits and 
vegetables, meat, milk and dairy products, salads, and drinking water, coming from the general environments of 
soil, dust, air and water and from social environments. 
Table 4. Antibacterial activity of methanol extract of Tectona  grandis leaves. 
Bacterial 
isolates 
Concentration of crude extract (mg.ml
-1
) 
50 100  150   200  250  300  350  400  
P3B3 R R R R 10.00 10.00 11.00 11.50 
P2B1 R R 13.00 13.00 15.00 15.00 18.00 18.00 
P3B3 R R R 2.00 4.00 6.00 11.00 12.00 
P2B2 R R R R R R 14.00 14.00 
P1B1 R R R R R R R R 
RIB1 R R R 16.00 11.00 15.00 15.00 15.50 
RB1 R R R R R R R R 
R1B2 R R R R R R R R 
R1B1a R R R R R R R R 
T1B2 R R 10.50 13.00 14.50 1.50 14.00 15.00 
T3B1 R R R 12.00 12.50 13.50 15.00 18.50 
T2B1 1.00 2.00 2.00 4.00 4.00 5.00 6.00 7.00 
T1B1 R R 3.00 4.00 4.00 6.00 6.00 8.00 
T3B2 R R 2.00 3.00 5.00 5.00 6.00 10.00 
Note: PB, Isolates obtained from beans; RB, Isolates obtained from rice; TB, Isolates obtained from 
tomatoes; B, Bacteria; R, Resistance. 
Higher tropical plants can produce diverse antimicrobial and anti-insect substances (Nakamura et al. 1991, 
Downum et al. 1993, Lis-Balchin et al. 1996). Substances such as flavonoids, alkaloids and terpenoids are 
secondary metabolites produced by plants as a chemical defence against pests and diseases‟ attacks. Tannins are 
astringent in nature and are used for treating intestinal disorders such as diarrhea and dysentery (Dharmananda 
2003); they are referred to as natural antibiotics from plants. 
The water extract of T. grandis leaf conspicuously inhibited the growth of Monilia sp., which is a causal 
organism attributing in wood decay (Astiti 1998). The methanol crude extract of T. grandis leaves at 5 mg.ml
-1
 
concentration inhibited the sporulation of Alternaria cajani and Helminthosporium sp. by 86.6 and 90.0% 
respectively (Shalini & Srivastava 2008).         
CONCLUSION 
The methanol extract of Tectona grandis leaf significantly inhibited bacterial growth. Chloroform extract 
was least effective on bacterial isolates as compared to methanol extracts. Teak extracts can be considered as 
one of the alternatives to chemical food preservatives and for controlling food decay caused by these isolates. A 
further study is needed to isolate and identify the active compounds that are responsible for the antimicrobial 
potency of T. grandis. 
ACKNOWLEDGEMENT 
All the authors are thankful to the Department of Biological Sciences, Afe Babalola University, Ado-Ekiti, 
Nigeria for providing necessary support. There is no conflict of interest among authors. 
REFERENCES 
Ajaiyeoba EO, Onocha PA & Olanrewaju OT (2001) In vitro anthelmintic properties of Buchholzia coriaceae 
and Gynandropsis gynandra extract. Pharmaceutical Biology 39: 217–220. 
Akharaiyi FC & Adeyanju A (2016) Implication of human handling on packaged sausage rolls during sale. 
Annals of University Dunarea de Jos of Galati Fascicle VI-Food Technology 40: 90–103. 
Astiti NPA (1998) Effectiveness water extract of the leaf of Tectona grandis L. against thegrowth of Monilia sp. 
Journal of Biology Udayana 2: 1–12. 
Bajpai O, Pandey J & Chaudhary LB (2016) Ethnomedicinal Uses of Tree Species by Tharu Tribes in the 
Himalayan Terai Region of India. Research Journal of Medicinal Plant 10(1): 19–41. 
Barth M, Hankinson TR, Zhuang H & Breidt F (2009) Microbiological spoilage of fruits and vegetables. In: 
Sperber WH  &  Doyle MP (eds)  Compendium  of  the Microbiological Spoilage of  Foods  and  Beverages,  
 Ogunmefun et al. (2017) 4(3): 376–382 
www.tropicalplantresearch.com  381 
 
Food Microbiology and Food Safety. Springer Science Business Media, LLC, pp. 135‒183. 
Bello OB, Bello IS, Aminu D, Olawuyi OJ, Afolabi-Balogun NB, Lawal AO, Azeez AH & Habib U (2016) 
Antibiotic sensitivity of bacterial and fungal isolates from tomato (Solanum lycopersicum L.) fruit. Tropical 
Plant Research 3(1): 112–119. 
Cohen B, McGuffin ME, Pfeifle C, Segal, D. & Cohen, SM (1992) Apetorus, a gene required for Imaginary disc 
development in Drosophila encodes a member of the LIM family of developmental regulatory proteins. 
Genes and Development 6(5): 715–729. 
Dharmananda S (2003) Gall nuts and the uses of tannins in Chinese medicine. In: Proceedings of Institute for 
Traditional Medicine, Portland, Oregon. 
Downum KR, Romeo JT & Sataford HA (1993) Phytochemistry, 28, Potential of tropical plants. Academic 
Press, New York, 105 p. 
Edema MO, Atayese AO, Idowu AO (2005) Microbiological Quality of microwave processed Foods. In: the 
Book of Abstract of the 29
th
 Annual Conference & General Meeting on Microbes As Agents of Sustainable 
Development, organized by Nigerian Society for Microbiology (NSM), UNAAB, Abeokuta from 6–10th 
Nov. p. 17. 
Edwin A, Bergin L, Ilsedore C, Uma G, Ke Z, Gaeoffrey A, Joel DG, Sean MA, Neal JE II, Thomas H, Karin O, 
Khus P, Chunhua Q, Colette S & Van Dishoeck EF (2013) An old disk that can still form a planetary system. 
Nature 493: 644. 
Eni AO, Oluwawemitan IA & Oranusi US (2010) Microbial quality of fruits and vegetables sold in Sango Ota, 
Nigeria. African Journal of Food Science 4(5): 291–296. 
Evans J & Turnbull JW (2004) Plantation forestry in the Tropics. Oxford University Press, New York, NY, 
USA, pp. 482. 
Ghosh A (2009) Identification of microorganisms responsible for spoilage of tomato (Lycopersicum esculentum) 
fruit. Journal of Phytology 1(6): 414‒416. 
Gijtenbeek JMM, Vanden Bent MJ & Vent CJ (1999) Cyclosporine neurotoxicity. Journal of Neurology 246: 
339–346. 
Harborne JB (1998) Phytochemical Methods: A Guide to Modern Techniques of Plant Analysis. Chapman and 
Hall Ltd., London, 605 p. 
Humphrey T, O'Brien S, Madsen M (2007) Campylobacters as zoonotic pathogens: a food production 
perspective. International Journal of Food Microbiology 117(3): 237–57. 
Istifanus MF, Ogbonna AI, Sila MD & Ogbonna CIC (2014) Species of microorganisms associated with 
decayed tubers of Irish potato in storage in Plateau State, Nigeria. IOSR Journal of Environmental Science, 
Toxicology and Food Technology 8(12)1: 54–57. 
Johnson WC & Williams OW (2002). Warfarin toxicity. Journal of Vascular Surgery 35: 413–421. 
Kumar A, Bhushan V, Verma S, Srivastav G & Kumar S (2011) Isolation and Characterization of 
Microorganisms Responsible for Different Types of Food Spoilages. International Journal of Research in 
Pure and Applied Microbiology 1(2): 22–31. 
Lawrence PA, Casal J & Struhl G (1999) Hedgehog and engrailed: pattern formation and polarity in Drosophila 
abdomen. Development 126(11): 2431-2439. 
Lis-Balchin M & Hart S (1999) Studies on the mode of action of the essential oil of Lavender Lavandula 
angustifolia P. Miller. Phytotherapy Research 13(6): 540–542. 
Mahesh S, Vaishnav V, Kumar P, Mohammad N & Ansari SA (2016) Characterization and validation of teak 
plus trees ramets of national teak germplasm bank, Chandrapur, Maharashtra through microsatellites. 
Tropical Plant Research 3(1): 213–220. 
Matthew T (2011) Post harvest microbial deterioration of tomato (Lycopersicon esculentum) fruits. Report and 
Opinion 3(4): 52‒57. 
Mead PS, Slutsker L, Dietz V, McCraig LF, Bresee JS, Shapiro C, Griffin PM & Tauxe RV (1999) Food-
relationship illness and death in the United States. Emerging Infectious Diseases 5l: 607–625. 
Mrityunjoy M, Naira nayeem A, Jagadish VK & Mohammed A (2007) Evaluation of Tectona grandis leaves for 
wound healing activity. Pakistan Journal of Pharmaceutical Sciences 20(2): 120–124. 
Nakamura C, Skarascis GV & Romagossa I (1991) Cytogenetics and breeding in sugarbeet. In: Tsuchiya T & 
Gupta PK (eds) Chromosome engineering in plants, genetics, breeding and Evolution. Elsevir, New York, 
USA. pp. 295–314. 
 Ogunmefun et al. (2017) 4(3): 376–382 
www.tropicalplantresearch.com  382 
 
Ogbole OO, Adeniji JA, Ajaiyeoba EO & Adu DF (2013) Anti-polio virus activity of Medicinal plants selected 
from the Nigerian ethno-medicine. Academic Journals (12)24: 3878–3883. 
Ogunbanwo ST, Fadahunsi IF & Molokwu AJ (2014) Thermal stability of lactic acid bacteria metabolites and 
its application in preservation of tomato pastes. Malaysian Journal of Microbiology 10(1): 15‒23. 
Oranusi S, Galadima M, Umoh VJ & Nwanze PI (2007) Food safety evaluation in boarding schools inZaria, 
Nigeria, using the HACCP system. Scientific Research and Essay 2(10): 426–433. 
Orwa CA, Mutua R, Kindt R & Anthony S (2009) Agroforestry Database: A tree reference and selection guide 
version 4.0. Available from: http://www.worldagroforestry.org/sites/treebs/treedatabase.asp (accessed: 12 
Dec. 2016). 
Prance GT (1991) What is ethnobotany today? Journal of Ethnopharmacology 32: 209–216. 
Prescott LM, Harley JP & Klein DA (2002) Microbiology, 5
th
 Edition. New York, McGraw-Hill, pp. 1026. 
Purushotham KG & Sankar L (2013) Screening of in vitro Antibacterial activity of Tectona grandis on burn 
pathogens. International Journal of Pharmacy and Biological Sciences 3(3): 488–492. 
Purushotham KG, Arun P, Jayarani JJ, Vasnthakuopari R, Sankar L & Reddy BR (2010) Synergistic in vitro 
antibacterial activity Tectona grandis leaves with tetracycline. International Journal of PharmTech 
Research 2: 519–523. 
Rajkowski KT & Bennett RW (2003) Bacillus cereus. In: Miliotis MD & Bier JW (ed) International Handbook 
of foodborne Pathogens. Marcel Dekker, Inc. New York, pp. 40–51. 
Shalini SR (2008) Antifungal Activity Screening and HPLC Analysis of Crude Extract from Tectona grandis, 
Shilajit, Valeriana wallachi. The International Journal of Alternative Medicine 5: 2. 
Sharma N, Gupta PC & Rao CV (2012) Nutrient content, mineral content and antioxidant activity of 
Amaranthus viridis and Moringa oleifera leaves. Research Journal of Medicinal Plant 6(3): 253–259. 
Sumthong P, Romero-Gonzalez RR & Verpoorte R (2008) Identification of anti-wood rot compounds in Teak 
(Tectona grandis L.f) Sawdust extract. Journal of Wood Chemistry Technology 28: 247–260. 
Trease GE & Evans WC (2004) Pharmacognosy. Baillevera Tindall, London, 707 p. 
Trias R, Baeras L, Montesinos E & Badosa E (2008) Lactic acid bacteria from fresh fruit and vegetables as 
biocontrol agents of phytopathogenic bacteria and fungi. International Journal of Microbiology 11(4): 231‒
236. 
